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Abstract Pulses represent one of the most important food
categories that have been extensively used as staple foods
to cover basic protein and energy needs throughout the
history of humanity. In addition to their low lipid and
high dietary fibre content, emerging evidence stresses the
importance of pulses as carriers of several constituents of
potential biological importance, including enzyme
inhibitors, lectins, phytates, oxalates, polyphenols,
saponins and phytosterols. Investigations in humans sug-
gest that pulses may contribute to human health and well-
being, mostly through prevention of coronary heart dis-
ease and possibly diabetes. The mechanisms responsible
for this apparently protective role may include a
favourable influence on blood lipids and glucose. The
nutritional value of pulses, which are a key component of
the traditional Mediterranean diet, is not generally recog-
nised and is frequently under-appreciated.
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Introduction

From the more than 15,000 legume species of the
Fabaceae (or Leguminosae) family, only a few are part of
our diet. These are commonly referred to as “pulses”, a
term probably deriving from the Latin puls meaning pot-
tage, while the term “legume” originates from the Latin
legumen describing seeds harvested from pods [1]. Pulses
have constituted an important food category for humans
for thousands of years and are typically incorporated in
various forms into most traditional diets around the
globe. As a food group, pulses have several appealing
attributes including their high nutritional value, low cost
and long preservation periods outside the cold chain.
Pulses make an important contribution in terms of pro-
tein and energy provision to populations in the develop-
ing world. Other attractive characteristics include their
high dietary fibre and low lipid content, as well as the
presence of various biologically active compounds.
However, the long preparation time required as well as
their propensity to cause flatulence may both contribute
to a decreased consumer demand.

The Food and Agriculture Organization of the United
Nations (FAO) defines pulses as “annual leguminous
crops yielding from one to twelve grains or seeds of vari-
able size, shape and colour within a pod” [2]. The defini-
tion includes crops used for both food and feed and cov-
ers 11 primary pulses (dry beans, dry broad beans, dry
peas, chickpeas, dry cow peas, pigeon peas, lentils, bam-
bara beans, vetches, lupins and pulses nes) and 2 pulse
products (flour and bran of pulses), but excludes legumes
harvested green for food (e.g., green beans), as well as
crops used for sowing purposes (e.g., alfalfa seeds) or for
oil extraction (e.g., soybean). In this article the scientific
literature on pulses is reviewed with particular focus on
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their nutritional composition and importance to human
health. Following the FAO’s definition, legumes such as
green beans, soybeans and peanuts are not considered in
this paper.

Production and consumption

At the international level, about half of bean and three
quarters of lentil production occurs in Asia; 80% of pea
production takes place in China and Russia, while India
is the major chickpea producer [3]. The Indian subconti-
nent represents the leading area in terms of pulse con-
sumption [4]. Production in the European Union (EU-15,
1999-2000 data) encompasses peas, broad beans, vetch-
es, dry beans, chickpeas, lupins and lentils, while con-
sumption covers beans (41%), dry peas (21%), lentils
(14%), fava beans (13%) and chickpeas (11%) [4]. The
average per capita availability among the current 27
European Union members is presented in Figure 1 (2003
data). The higher availability observed in the
Mediterranean countries may be partly explained by the
wide use of olive oil in the Mediterranean region, which
has been shown to facilitate the ample consumption of
vegetables and pulses [5].

Nutritional composition
Macro- and micronutrients

The nutrient and energy content of some of the most
important pulses is presented in Table 1. Pulses provide a
rich source of protein. However, the quality of the protein
is inferior to that of animal products because of the lim-
iting amounts of sulphuric amino acids, the resistance to
proteolysis due to the nature of the seed and the presence
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on a raw weight basis)

of other compounds with a potential to reduce the
bioavailability of proteins [7]. The human body can
utilise between about 32% and 78% of the protein from
pulses ingested [1]. However, pulses have traditionally
been consumed along with cereals, which are relatively
rich in sulphuric amino acids while deficient in lycine.
Pulses are generally high in lycine, and therefore, when
combined with cereals, dishes of good protein quality are
obtained.

In addition to their high protein content, pulses con-
tain large amounts of complex carbohydrates, predomi-
nantly starch and dietary fibre, as well as appreciable
quantities of vitamins (mostly of the B group) and inor-
ganic compounds such as Fe, Mg, Zn and P. The extent to
which such micronutrients are available for the physio-
logical processes of the human organism is variable. For
example, the iron bioavailability of black beans, lentils,
mung beans and split pea soups in humans was found to
be 0.84%, 1.20%, 1.91% and 1.09% of the amounts
ingested, respectively [10].

Another important consideration is that common
household preparation procedures, such as soaking and
cooking, generally reduce the content of several nutri-
ents such as minerals, vitamins and some amino acids
as well as various non-nutrient components [11-13].
The latter are also thought to be involved in various bio-
logical functions in the human organism. The content of
some of these compounds in some pulses is shown in
Table 2. These are briefly discussed in the following
paragraphs.

Enzyme inhibitors and other proteins
Pulses contain various protein molecules that can exert

a broad range of biological actions in the human body,
including both favourable and undesirable ones.
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Table 1 Nutritional composition per 100 g of raw pulses [8, 9]

Component White beans Lentils Chickpeas Broad beans
Energy and proximates
Energy (kcal) 286 297 320 245
Water (g) 11.3 10.8 10.0 11.0
Protein (g) 214 24.3 213 26.1
Total lipids (g) 1.6 1.9 5.4 2.1
SFA (g) 0.3 0.2 0.5 0.3
MUFA (g) 0.4 0.3 il 03
PUFA (g) 0.5 0.8 2.7 1.1
Cholesterol (mg) 0 0 0 0
Carbohydrate (g) 49.7 48.8 49.6 525
Starch (g) 42.7 44.5 43.8 24.4
Total sugars (g) 2.8 12, 2.6 Sh0
Dietary fibre (g) 17 8.9 10.7 27.6
Inorganic compounds
Na (mg) 43 12 39 11
K (mg) 1160 940 1000 1090
Ca (mg) 180 71 160 100
Mg (mg) 180 110 130 190
P (mg) 310 350 310 590
Fe (mg) 6.7 11.1 5.5 5.5
Zn (mg) 28 3.9 2] 31
Vitamins
Retinol (g) 0 0 0 0
Carotene (g) Tr N 60 N
Vitamin E (mg) 0.21 N 2.88 N
Thiamin (mg) 0.45 0.41 0.39 0.5
Riboflavin (mg) 0.13 0.27 0.24 0.26
Vitamin B6 (mg) 0.56 0.93 0.53 0.37
Vitamin C (mg) 25 g Tr h

N No data, Tr traces

Table 2 Compounds and indexes of pulses with biological importance

Class/compound Lentils Chickpeas White Beans Broad beans
Phenolic compounds
Tannins (% of dm?) [14] 0.1 0-0.1 0-0.7 0-2.1
Lignans (mg/100 g) [14] 1.8 N 0.3 N
Daidzein (mg/100 g) [15] 0 0.04 0 0.02
Genistein (mg/100 g) [15] 0 0.06 0.74 0
Total proanthocyanidins (mg/100 g) [16] 1.84 0 0.13 154.45
Total phenols (mg GAE®/100 g) [17] 628 90 94 N
Phytosterols
Campesterol (mg/100 g) [18] 10 124 4 N
Stigmasterol (mg/100 g) [18] 10.8 8.3 352 N
B-Sitosterol (mg/100 g) [18] 80.8 84.1 56.3 N
Stigmastanol (mg/100 g) [18] 8.4 10.5 1 N
Total phytosterols (mg/100 g) [19] N N N 124
Carbohydrates
Resistant starch (g/100 g) [20] 33 3.4 N N
Raffinose (% of dm) [21] 0.3-1 0.4-1.2 <0.05-0.93 0.1-0.3
Stachyose (% of dm) [21] 1.7-3.1 2-3.6 0.5-4.1 0.7-1.5
Verbascose (% of dm) [21] 0.6-3.1 0.6-4.2 0.064 1.7-3.1
Other compounds-+indexes
Oxalates (% of dm) [14] 0.16 0.07 0.1-0.5 N
Phytic acid (g/100 g) [9] 0.49 0.5 0.8 1.28
Saponins (g/100 g) [22] 0.37 5 1.6 0.4
Glycaemic index (boiled samples) [23] 29 28 38 N
Total ORAC® (umolTEY/100 g) [17] 7282 847 1520 N

“Dry matter, bgallic acid equivalents, “oxygen radical absorbance capacity, ‘trolox equivalents
N no data
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Protease inhibitors are a very important category of pro-
teins found in pulses and these may cause reduced
absorption of other proteins. Since protease inhibitors
are largely denatured while cooking, a result that min-
imises their inhibitory effects, much research has been
driven towards clarifying other physiological actions
these may trigger. Protease inhibitors have been investi-
gated in relation to the development of pancreatic can-
cer and an aetiological relationship has been considered
[24]. However, the ecological evidence of an increased
incidence of pancreatic cancer in populations with high
intake of foods rich in protease inhibitors is far from
convincing [25].

Attention has also been focused on the potential anti-
cancer properties of the Bowman-Birk protease inhibitor
(BBI) found in soybeans and many other legume seeds
such as lentils, chickpeas, peas and several types of beans
[26]. Other potentially beneficial attributes of the BBI
include anti-inflammatory activity and likely effects
against obesity and several degenerative and autoimmune
diseases [7].

Lectins (or haemagglutinins) are glycoproteins that
agglutinate red blood cells. They can bind to specific
receptor sites on the epithelial cell wall of the small
intestine and cause impaired absorption of several nutri-
ents such as sugars, amino acids, lipids and vitamin B12.
In addition, lectins may reduce the activity of digestive
enzymes or damage the intestinal mucosa, allowing bac-
teria to enter into circulation [25]. However, evidence of
an anticarcinogenic effect of lectins has also been report-
ed [27]. It is important to note that the activity of lectins
is sharply reduced during common heat treatment proce-
dures applied to pulses [13, 28]. a-Amylase inhibitors
present in pulses can reduce starch digestion but research
on the effects of a-amylase inhibitors in a broader health
context is still inconclusive [13, 25]. Also, pure broad
bean and lupin protein extracts exert hypocholestero-
laemic effects [29, 30].

Phytic acid

Phytic acid (inositol hexaphosphate) is a phosphated car-
bohydrate, important for regulating various functions of
human cells. Most research has focused on its purported
anticancer properties and it has been hypothesised that
phytic acid may be responsible for the anticarcinogenic
effects of dietary fibre [31]. Phytic acid acts as an effec-
tive antioxidant by creating complexes with Fe, thus pre-
venting hydroxyl radical generation (Fenton reaction)
and lipid peroxidation [32]. The latter attribute has been
proposed as relevant to its possible anticancer action
[33]. Besides Fe, phytic acid also binds to Zn and Ca,
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thus reducing the bioavailability of these minerals [14].
Common cooking practices reduce, but do not eliminate,
the phytic acid content of pulses [12, 34, 35].

Oxalates

Calcium oxalate is the major constituent of kidney
stones. Stone formation is associated with increased uri-
nary oxalate, the latter being affected to an important
extend by dietary oxalate [36]. In this context, dietary
management has been proposed as an appropriate strate-
gy towards the prevention and management of renal lithi-
asis [36, 37]. Oxalic acid also tends to reduce the
bioavailability of Ca, but the research on issue is still
ongoing [38]. Cooked pulses contain measurable
amounts of oxalate [39].

Phenolic compounds

A major characteristic of phenolic compounds is their
antioxidant activity, an effect that has been proposed to
play a key role in countering the process of ageing and
the development of various degenerative diseases [40].
Various important classes of phenolic compounds, such
as tannins, isoflavones and lignans, have been reported to
be present in pulses [14]. In addition to their antioxidant
properties, isoflavones and lignans exert a weak oestro-
genic activity, which may be implicated in several mech-
anisms protecting the human body [41]. Phenols, howev-
er, can also be responsible for reduced mineral (mainly
Fe) bioavailability [42]. The concentration of isoflavones
and lignans in pulses is generally low, while that of tan-
nins is considerably higher [14, 15]. Tannin losses due to
common cooking of pulses appear to be in the order of
40-50% [12, 35].

Saponins

Saponins are glucosides of a steroid or a triterpenoid
group and owe many of their actions to their amphiphilic
nature. Both detrimental and beneficial health properties
have been attributed to saponins. They can cause lysis of
red blood cells and also cells found in the intestinal
mucosa, and may also reduce the absorption of nutrients
either directly by binding or by inactivating enzymes
involved in the digestion process [25]. On the other hand,
saponins may bind with cholesterol or bile acids, thus
increasing faecal cholesterol excretion. The latter can
result in lower blood cholesterol levels [25, 43]. Also,
evidence suggests that saponins may exert anticarcino-
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genic effects through various mechanistic pathways [20,
25]. Saponin losses due to preparation/cooking proce-
dures are generally small [20, 28].

Phytosterols

Much research has been dedicated to the hypocholestero-
laemic effects of plant sterols, stanols and their esters.
For example, it was shown that preparations such as mar-
garines or yoghurts fortified with esterified stanols at a
daily dose of about 2-3 g can provide an effective dietary
means to reduce serum low-density lipoprotein choles-
terol (LDL-C) concentration by about 14% [44, 45]. The
sterol content of pulses is in the order of about 100
mg/100 g (see Table 2) and pulses provide one of the best
natural sources of phytosterols [19]. Therefore, the con-
tribution of phytosterols to the apparent cholesterol-
reducing capacity of pulses may be very important (see
section on cardiovascular disease below).

Oligosaccharides

Raffinose, stachyose and verbascose, all galactosides of
sugar, are the most important oligosaccharides found in
pulses [21]. Since humans do not express a-galactosi-
dase to break down such compounds, these are eventual-
ly fermented in the large bowel to produce mainly short-
chain fatty acids and gas. Soaking and common cooking
procedures may reduce postprandial gas production by
eliminating their oligosaccharide content [35].
Oligosaccharides are currently being investigated for
their potential to exert prebiotic activities; the results are
promising, but the results are not yet clear [21, 46].

Pulses and chronic disease
Cardiovascular disease

The literature consistently indicates a link between reg-
ular pulse consumption and a favourable management
of serum total cholesterol (TC) and LDL-C concentra-
tions, well known biomarkers for coronary heart disease
(CHD) risk. For example, in a trial involving 9 healthy
men, consumption of 120 g (dry weight) of beans, peas
and lentils on a daily basis for a 6-7-week period
increased cholesterol saturation of gallbladder bile,
secretion of biliary cholesterol and faecal acidic sterol
output, all of which contributed to a better (negative)
cholesterol balance [47]. Anderson and Major [48]
meta-analysed the evidence from 11 clinical trials

assessing the impact of pulse consumption on fasting
serum lipoproteins (the quantities consumed daily in
these studies ranged between 46 and 150 g (uncooked
pulses)). The authors concluded that regular pulse con-
sumption produces overall significant reductions in TC
(7.2%) and LDL-C (6.2%). Triacylglycerols were also
reduced while high-density lipoprotein cholesterol was
unaffected. More recent clinical studies also support
these findings [49, 50].

There is also promising observational evidence on the
role of pulses in the aetiology of chronic diseases, but
further investigations will be essential to address the
issue adequately [51]. In a prospective cohort study
among 9632 US men and women, a significant inverse
association between legume consumption and CHD inci-
dence (22%) was shown [52]. Furthermore, legumes and
oils were the only food groups negatively linked to the
25-year age-adjusted mortality from CHD in the Seven
Countries Study [53]. More recently, legume consump-
tion was inversely associated with overall and cardiovas-
cular mortality, but not with cancer, in a cohort of about
10,000 diabetic European participants [54]. The factors
contributing to the hypocholesterolaemic effect of pulses
could include one or more of the following: soluble
dietary fibre, vegetable protein, oligosaccharides,
isoflavones, phospholipids, fatty acids, phytosterols and
saponins [48].

Diabetes

The glycaemic index has been defined as “the incremen-
tal area under the blcod glucose response curve of a 50g
carbohydrate portion of a test food expressed as a per-
cent of the response to the same amount of carbohydrate
from a standard food taken by the same subject” [55].
The glycaemic load from a diet may impact the metabo-
lism of carbohydrate and lipids, which in turn could trig-
ger diabetes and CHD. For example, a collective analy-
sis of 11 studies showed that a low-GI diet reduces mean
blood glucose (16%), blood glycosylated haemoglobin
(9%), urinary C-peptide (20%), TC (6%) and triacyl-
glycerols (9%) [56].

In the pioneering studies of Jenkins and colleagues
[57, 58] on the impact of dietary sources on the post-
prandial glucose increase in healthy or diabetic individ-
uals, the investigators characterised pulses as “remark-
able in how little they raised the blood glucose”. In fact,
pulses showed the lowest mean glycaemic index among
several other food groups including dairy products,
fruits, biscuits, cereals and breakfast cereals, vegeta-
bles, sugars and root vegetables [57]. Thomson [25]
suggested that the mechanisms through which several
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pulse components such as phytates, tannins, lectins and
amylase inhibitors may potentially flatten blood gly-
caemic response include: (a) direct binding with o-
amylase compromising starch digestion, (b) binding
with Ca (phytates and tannins), which is required for the
stabilisation of amylase activity, (c¢) binding with starch
(phytates and tannins), affecting the degree of gelatini-
sation or accessibility to enzymes, (d) slowing gastric
emptying (phytates) and (e) binding to the intestinal
mucosal cells (lectins) affecting the absorption of nutri-
ents. The overall evidence suggests that nutritional
advice for the prevention of diabetes should primarily
include the ample consumption of pulses as well as
other whole grain foods [59].

Cancer

Generally, the epidemiological evidence on the role of
the consumption of pulses in the development of cancer
is sparse, probably due to the diversity of pulses avail-
able, the low amounts consumed by most population
groups and the variety of methods of preparation among
different cultures [60]. The expert panel of the World
Cancer Research Fund/American Institute for Cancer
Research in a recent report [61] suggested that there is no
convincing or probable link between the consumption of
pulses and any of the 17 cancer sites investigated. It
should be noted, however, that a number of compounds
present in pulses, such as resistant starch, non-starch
polysaccharides, oligosaccharides, folate, selenium, zinc,
protease inhibitors, saponins, phytosterols, lectins and
phytates, have been shown to have an anticarcinogenic
role [60].

Pulses, traditional Mediterranean diet and longevity

The traditional Mediterranean diet reflects the dietary
practices of the inhabitants of the olive-growing
Mediterranean regions in the 1960s. One of its defining
characteristics is the high consumption of pulses [62].
Pulses have been an important element of the
Mediterranean gastronomy for thousands of years. They
are consumed in a variety of ways, principally as a main
dish, such as in the form of porridge [63], but also as a
salad or incorporated in various side dishes. Pulses are
traditionally prepared with olive oil, commonly supple-
mented with herbs and vegetables, while the resulting
dishes are usually complemented with bread. The latter
uses provide additional importance to the nutritional
value of pulses. Studies in Greece [64], other
Mediterranean countries [65, 66] and other European
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Fig. 2 Trends in availability of pulses in Mediterranean countries [6].
aBeans + Peas + Other Pulses (expressed on a raw weight basis)

countries [67-69], but also in Australia [70] and the USA
[71] have all documented a beneficial role of the tradi-
tional Mediterranean diet on longevity. The relative
importance of the individual compounds of this diet has
not been ascertained, mostly because of interactive
effects. However, it is believed that pulses play an intrin-
sically crucial role in the health impact of the
Mediterranean diet and the longevity of populations in
the Mediterranean region [5]. Although today consump-
tion has decreased (Fig. 2), pulses still have an important
place on the Mediterranean table.

Nutrition and health claims for pulses
The new EU regulation

The recently released European regulation on nutrition
and health claims made for foods lays the conditions that
should be applied for the use of such claims in the com-
mercial communication of foods within the European
Union [72]. In the case of nutrition claims, only claims
already listed in the regulation can be used, provided that
the food complies with the general requirements of the
regulation and the specific conditions applying for the
claim. Also, in order to use a claim, the relevant food or
food group should be in accordance with a specific nutri-
ent profile to be defined later by the European
Commission (EC).

At this early stage, it is apparent that pulses have a
favourable nutritional composition in terms of their eligi-
bility to bear some of the listed nutrition claims. The reg-
ulation distinguishes two categories of health claims: (a)
those referring to the reduction of disease risk or to chil-
dren’s development and health and (b) claims used main-
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ly to describe the role of foods or their constituents in
physiological and psychological functions, as well as
claims referring to weight management. To be eligible to
bear a health claim under the first category, an applica-
tion for authorisation must be submitted to the European
Commission; this should include information on, among
other things, the substance/food/food category to bear the
claim as well as scientific studies substantiating the
health claim.

Pulses and CHD

A health claim on the relationship between pulses and
CHD would mean that there is enough evidence that con-
sumption of pulses significantly reduces the incidence or
a risk factor involved in the development of CHD. When
relevant health claim petitions on the association
between foods and CHD were made in the USA, the
responsible authorities took under consideration mainly
human intervention studies on the effect of the foods on
TC and LDL-C levels [73]. Overall, the evidence on the
role of pulses against CHD is strongly suggestive and a
health claim under the new EC regulation may be realis-
tic. The reductions in TC and LDL-C induced by pulse
consumption (see section on cardiovascular disease
above) are particularly important since it has been shown
that a 10% reduction in serum TC concentration can sub-
stantially lower ischaemic heart disease incidence [74],
while each 1% reduction of LDL-C reduces by 1% the
risk of developing the disease [75]. Anderson and Major
[48] suggested that a health claim on pulses could be fea-
sible in the USA and proposed a possible format of the
claim: “The daily intake of dry beans as part of a diet low
in saturated fat and cholesterol may decrease risk of
coronary heart disease”. In order to obtain a clearer view
however, additional epidemiological studies and clinical
trials are needed.

Conclusions

Pulses are natural plant foods that have traditionally
been consumed by various populations around the world
since antiquity. They can be therefore perceived as safe
by the contemporary consumer, while supportive scien-
tific knowledge on their nutritional properties has
already been obtained. Their nutritional profile merits
special attention from health professionals, food manu-
facturers and policy makers when planning strategies or
public health nutrition campaigns. Pulses could be an
important part of a healthy diet on the basis of their low
content of sugars and fat (and zero cholesterol), high

amounts of protein and fibre, and the presence of vari-
ous phytochemicals, many of which may beneficially
affect health.
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